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ABSTRACT
This study was an attempt to investigate the 
ratio properties of the Munsell 100-point hue scale.
Sixteen subjects participated in two experi­
mental sessions. Color chips 2.5 hue units apart 
from the Munsell Book of Color provided twenty-eight 
comparison stimuli, for four different regions of the 
spectrum. The color chips were equated for saturation 
level (Chroma 6) and for brightness (Value 5). Munsell 
grey chips of the same value were used during the pre­
exposure period.
The basic technique for this study is that of 
the bisection of a hue interval, using standard psycho­
physical procedures to determine indirectly the mid-poin 
of an interval between two fixed points.
The results of the present experiment indicate 
that the Munsell hue scale does reflect perceived hue 
ratios. The calculated mid-points correspond within 
experimental error to the theoretical mid-points, and 
the mid-points seem to be complementary colors as shown 
by a CIE chromaticity plot.
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PREFACE
This investigation began as a result of 
Dr. A. A. Smith proposing the investigation of the 
ratio properties of the Munsell hue scale. Saturation 
and lightness have been measured quantitatively, but 
hue has been looked upon as a qualitative dimension.
The author wishes to express his grateful 
appreciation to D r . A. A. Smith who initially proposed 
the problem and whose patient guidance was so helpful 
in its execution. He also deserves special acknowledge 
ment for directing the development of this study. The 
author also wishes to express his appreciation to 
Mr. D. Richardson, M.A., and Dr. A. V. Wijngaarden 
whose cooperation and suggestions were beneficial in 
the organization and clarification of the text. Finall 
he expresses his gratitude to the subjects of his study 
who gave so generously ox their time.
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C H A PTER  I
INTRODUCTION
Aristotle was the first person to suggest the 
possibility of a science of color. He realized that 
light is necessary for color, and that objects appear 
colored because they absorb light. Even though he 
taught that material objects "contaminate" the white 
light that falls on them, it is generally held that 
his ideas were similar to the modern concept of 
selective absorption where certain wave lengths of 
white light are absorbed and others are reflected, 
giving rise to different colors. Today it is a known 
fact that when white light falls on any material object, 
three things can occur. The radiant energy can be 
reflected, absorbed or transmitted. Although usually 
all three occur, the proportion of each is different 
at each wave length (Evans, 1943).
Aristotle's ideas about color were not modified 
and no new theories appeared until the seventeenth 
century when Newton experimented with the changes in
1
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2white light as a result of being passed through a prism. 
Newton's discovery was that the refraction of white 
light by a prism breaks it up into the different spectral 
colors which can be differentiated from one another by 
their degree of refraction. He showed by means of 
experimentation not only that objects differ in color 
because of their selective reflection of homogeneal 
light, but also how different colors can be formed by 
mixtures. Newton v/as thus the first person to postulate 
a correct theory as to why objects are differently 
colored. By studying the relationship between the 
degree of refraction and appearance of color, Newton 
was the first to employ psychophysics in the study of 
color.
Interest in color vision during the eighteenth 
and nineteenth centuries gave rise to theories of color, 
like the Young-Helmholtz theory and the Ladd-Franklin 
theory. Gradually the study of color became more con­
cerned with the experimental establishment of functional 
.relations between sensations and a stimulus. Problems 
such as the number of discriminable color differences
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3and the relationship between intensity and brightness 
began to be investigated.
The science of color in the present day is 
concerned primarily with the measurement of color. The 
measurement of color is based on the idea that a rela­
tionship can be found between physical specifications 
of color stimuli and the sense perceptions that arise 
from them. Two important concepts in the definition 
of color, those of radiant energy and subjective sensation, 
make color a psychophysical concept. Light can be speci­
fied in terms of the rate of flow of radiant energy, or 
by the way in which the flow is distributed throughout 
the visible spectrum. For the purposes of measuring 
color, light and color have been defined by the Optical 
Society of America (1943) in terms which enable them to 
be measured:
Color consists of the character­
istics of light other than, spatial 
and temporal inhomogeneities; light 
is the aspect of radiant energy of 
which a human observer is aware 
through the visual sensations which 
arise from the stimulation of the 
retina of the eye.
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4Three dimensions are included in the concept of 
color. A color sensation is described when the hue, 
saturation and brightness are specified. Hue refers to 
the distinction we make between a red, yellow, blue, and 
other chromatic colors. It is the quality of sensation 
according to which an observer is aware of differences 
of wave lengths of radiant energy. Saturation refers to 
the different purities of any one dominant wave length, 
and brightness to the differences of luminance. Dominant 
wave length, purity and luminance are the characteristics 
of light relating to hue, saturation, and brightness.
The quantification of color has been approached 
by a variety of color notation systems (Judd & Wyszecki, 
1952), but that developed by A. H. Munsell in 1909 has 
been the most widely vised. Munsell (1912) drew up a 
simple notation for color using the parameters of bright­
ness (value in Munsell terminology), hue and saturation 
(chroma in Munsell terminology), each being constructed 
of equal and decimal steps of sensation. The hue scale 
as designed by Munsell was a closed circuit of ten equal 
steps consisting of the five principal colors and their 
intermed iates.
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5Just as the metric system for length is repre­
sented by a metre stick, the Munsell System is repre­
sented by a large collection of standard color chips 
varying along the dimensions of hue, brightness and 
saturation. The original Munsell notation was defective 
in a large number of aspects. The renotation of the 
original Munsell System by Nev/hall, Nickerson and Judd 
(1943), has resulted in samples that are spaced at equal 
intervals along the three dimensions. For example, the 
perceived difference in brightness between chips of 
value one and two should equal the perceived difference 
between values two and three, and so on. The hue scale 
with which this study is primarily concerned, has been 
extended to a 100-point scale, the hue scale being built 
up of 10 segments of ten hues each (Judd and Wyssecki, 
1952; Bond and Nickerson, 1942).
Measurement in psychology is an old and involved 
problem and one of which psychologists are well aware. 
The psychophysical study of color tries to measure and 
quantify in physical terms relations derived from the 
subjective aspects of the human organism to physical
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
6stimuli. According to Stevens (1957, 1961), there are 
two kinds of physical continua that can be measured by 
the psychophysical method, the prothetic and the meta- 
thetic. The prothetic continua, such as brightness and 
loudness, deal with "how much", whereas the metathetic 
continua such as pitch deal with what kind or where 
(position). Whereas prothetic continua are additive, 
the metathetic are substitutive. The dimension of hue 
seems to be on a metathetic continuum.
Psychophysical studies have been carried out in 
color vision dealing with the parameters of brightness 
and saturation. Of the three attributes of color, 
brightness is looked upon as that attribute which is 
most quantitative. R. M. Hanes (1949) was concerned in 
his study with establishing the relation of subjective 
brightness or brilliance to the physical intensity of the 
stimulus. He used the method of fractionation where 
subjects were required to adjust the variable stimulus 
until it appeared to be one-half or three-quarters as 
bright as the standard. His results showed that consis­
tent fractional estimates of brightness could be made.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
7He used his data to construct a brilliance scale, the 
bril being the unit of brilliance.
Psychophysical scaling of saturation has also 
been carried out (Sempov/ski, 1963; Fleming, 1964).
Sempowski used a method of limits to obtain a mid-point 
for a saturation scale of three Munsell hues. He obtained 
a ratio scale up to chroma 10 on the Munsell scale, and 
found that scales were linearly related up to chroma 5, 
but that the linear relationship broke down for higher 
saturations. Fleming, using the method of constant 
stimuli, showed that there was a difference in judged 
one-half points as compared with the expected numerical 
one-half points for the red, yellow and green.
Similar studies have been carried out with other 
sensations. Loudness, which, varies with physical intensity, 
can be related to brightness, which also varies with 
physical intensity. Pitch, which varies with the fre­
quency of the sound waves, can be related to hue which 
varies with the wave length of the physical stimulus.
Stevens (1936) showed that a loudness scale 
could be constructed, the unit, the sone, being the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
8loudness of a 1000 cycle tone 40 db. above threshold.
Pitch was studied by Stevens, Volkmann and Newman (1937). 
They constructed a subjective scale for the measurement 
of pitch, the mel scale, by determining the half values 
of pitch at various frequencies.
Although various studies have been employed for 
the construction of scales and quantification of sensa­
tions, hue has been regarded as a qualitative factor.
There have been many studies dealing with changes in hue 
as a result of changes in wave length (Beare, 1963; Halsey 
& Chapanis, 1951; Boynton et al., 1964). There have 
been no attempts to obtain a psychophysical scale for 
hue. It seems, however, that just as the qualitative 
aspect of sound, pitch, can be measured quantitatively, 
so also the qualitative aspect of color, hue, should be 
able to be measured quantitatively. Since hue on the 
Munsell 100-point scale is made up of equal interval 
stops, as are also brightness and saturation, it is 
reasonable to ask the question of the possibility of 
a psychophysical ratio scale for hue.
Hue, as defined by the Optical Society of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
America (1963), is the quality of sensation according 
to which an observer is aware of differences of wave 
lengths of radiant energy. Munsell (1912) designed a 
hue scale that was a closed circuit of ten equal steps. 
The five principal hues were determined by selecting 
colors equally spaced in hue, which, when they appeared 
to have equal chroma and equal value, would spin together 
on a color top in equal proportions to give a neutral 
gray. Newhall (1939) describes the ratio method as 
applied by the Optical Society of America (OSA) to the 
renotation of hue. Even though there is no zero unit for 
hue, the subject can estimate the ratio of departure of 
the various hues from the nearest "unitary" color or 
from some other reference color.
Newhall, Nickerson and Judd (1943) used the ratio 
method to obtain equal interval sense distances for the 
three parameters of color. The technique by which the 
Munsell scales were renotated called for judgment of the 
ratio which the interval between two given colors bore 
to the interval between tv/o other (standard) colors. If 
this procedure in fact yields a ratio scale, then the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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mid-point between two points in a given dimension should 
be predictable, within experimental error, by calculating 
the arithmetic mean of the scale values.
Sempowski (1963) and Fleming (1964) have presented 
evidence that this may not be the case, at least for the 
dimension of saturation. Using the bisection of the 
interval between zero chroma and a given chroma, they 
found that, for example, the half saturation point for 
chroma 10 was not 5, as predicted, but 4.
There is general agreement among various authors 
that the Munsell hue, saturation and brightness scales 
have approximately uniform perceptual steps (Judd & 
Wyszeclti, 1963; Bond and Nickerson, 1942). This would, 
make the Munsell hue scale an equal interval scale where 
equal differences exist in the 100-point hue scale. The 
next step in the scaling of the Munsell hue scale would 
be a ratio scale, so that the ratios of the numbers 
represent adequately ratios of the attributes. The most 
practical ratio to begin with is the one-half point.
If the mid-point of the hue scale can be satisfactorily 
found, perhaps a ratio scale of hue can be postulated.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Purpose of the Present Research
One of the purposes of the present study is to 
make a similar check to the one made by Sempowski and 
Fleming for the Munsell hue scale, by determining mid­
points and comparing them with the points calculated, 
on the assumption that the Munsell hues do proceed by 
equal steps.
Again, since the hue scale is closed, there are 
two mid-points between any pair of hues. That is, for 
the red hue and blue hue, there should be a mid-point 
somewhere in the yellow-green region (spectral), and 
another in the purple region (non-spectral) . The CIE 
chromaticity diagram specifies the dominant wave length 
and purity of any color by giving the spectral reflec­
tance, Y, and the x, y, coordinates for a color. Colors 
having chromaticities represented within the triangle 
formed by the point representing the achromatic stimulus 
and the extremeties of the spectrum locus have no domin­
ant wave lengths and are called non-spectral colors.
Colors having chromaticities represented within the 
remainder of the domain of real colors are spectral colors.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 2
Another question that can'be asked is, What is 
the relationship between the two mid-points? Are they 
always complementary colors? Or does this relationship 
only hold for selected pairs of colors--which would 
then be unique and hence important for an understanding 
of color relationships? The point C on the CIE chro­
maticity diagram represents illumination which is 
approximately equal to average daylight. According to 
McCarley, Green and Horowitz (1944), when Illurninant C 
is chosen for the achromatic or neutral point which 
mixtures of complementary colors should match, straight 
lines passing through this point represent complementary 
colors.
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CHAPTER II 
■APPARATUS AND PROCEDURE 
Subjects
The subjects in this study were 16 male students 
from the Psychology 15 class at the University of 
Windsor. Prior to the experiment all subjects were 
tested for visual acuity on the Batish and Lomb Orthorater, 
and for defective color vision on the Pseudo"Isochromatic 
plates. No subjects with abnormal visual acuity or 
defective color vision were used. Each subject individ­
ual ly attended two one-hour sessions, approximately a
Apparatus
The apparatus was a modified GerBrands mirror’ 
tachistoscope. The standard stimulus holders were 
replaced by two thin steel plates lined with blaci: velvet 
on the inner surface. The steel plates were pierced with 
three 1/2 inch diameter holes lying horizontally and 
separated from each other by 1/2 inch. Behind the holes
I.'
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in the pre-exposure period there were three chips of 
Munsell grey paper of Value 5, held in place by small 
magnets. During the exposure period, Munsell color 
chips were placed over the holes and similarly held in 
place by small magnets. The two outer holes exposed 
the standard stimuli, the middle hole the variable 
stimulus.
The standard fluorescent lamps of the tachisto- 
scope were replaced by 100 watt clear incandescent lamps. 
Illumination for the pre-exposure and exposure periods 
was supplied by these bulbs which give the effect of 
Illurninant A. Colour-temperature altering filters were 
inserted into the eyepiece to give the effect of Illumi- 
nant C for which the Munsell system was calibrated.
A Hunter timer controlled the duration of the 
exposure illumination. Pre-experimental sessions indicated 
that a 2 -second interval was the most suitable for the 
exposure illumination. Subjects experienced no difficulty 
in making their choice during this interval.
The stimuli were Munsell color chips, obtained 
from the Munsell Book of Color, of medium lightness
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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(Value 5) and saturation (Chroma 6). Chips of higher 
saturation were not used because they were not included 
in all of the intermediate colors needed for the variable 
stimuli. Chroma 6 was the highest saturation level found 
in many of the intermediate stimuli.
The original standards were a red chip on the left 
and a blue chip on the right (511 5/6 and 5B 5/6). The 
calculated mid-points of this interval are 5GY and 5P.
Chips of these notations, together with 12 additional 
chips, 3 on the red and 3 on the blue side of each of 
these mid-points, spaced at 2.5 hue units apart constituted 
the variable stimuli. The color chips and their Munsell 
notations used in this study are given in Appendix "A".
Procedure
The experimental procedure consisted of two 
phases. The first session (Session I) was the determina­
tion of mid-points, using the extremeties of the chroma - 
ticity diagram, 5R and 5B, as standard stimuli. Since 
the order in which the colors are presented may influence 
the judgments, half of the subjects were ashed to
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 6
determine the mid-points first in'the green-yellow 
region of the hue scale, and the purple mid-points 
second (Order I); the other half of the subjects made 
the purple judgments first, and the green-yellow judg­
ments second (Order II).
For Order I, Session I, each subject was asked 
to fixate three grey circles in the tachistoscope. He 
was told that these would briefly change color, appearing 
to him for a 2 second interval as a red circle on the 
left, a blue on the right, and a circle of intermediate 
color in the middle. For each such presentation, he 
was asked to say whether the middle color looked more like 
the red or blue. The forced choice method was used, and 
the subject was asked to guess if he was not sure which 
color the middle one resembled. For subjects in this 
Order, the intermediate colors were seven green-yellow 
chips. These chips were presented in random order, with 
each chip appearing 20 times, for a total of 140 judg­
ments .
After a brief rest, each subject was asked to make 
a similar series of judgments, this time with the seven 
purple colors.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Subjects under Order II were asked to make 
similar judgments, first in the purple region, and 
second in the green-yellow region.
The second phase of the experiment, Session II, 
followed approximately a week after the first session. 
Two new standards were chosen from the averaged mid­
points obtained during Session I. The calculated mid­
points for all the subjects were 4.75GY and 5.15P.
Since the Munsell chips in the Munsell Book of Col or 
proceed in 2.5 hue units, the closest approximations 
that could be obtained were 5GY and 5P. These two new 
standards were placed in the tachistoscopic apertures, 
purple on the left, and green-yeHow on the right. The 
calculated mid-points of this interval are 10R and 1GBG. 
Two sets of 7 chips spaced evenly 2.5 hue units apart 
along the red and blue mid-points vie re used as variable 
stimuli. These chips and their Munsell notations are 
given in Appendix "A".
The sixteen subjects from Session I were divided 
randomly and asked to make judgments similar to those in 
Session I (whether the middle color looked more like the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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purple or the green-yellow) .
Two orders of presentation were used for each 
of the groups from Session I. Half of the subjects 
from Order I in the first session (making green-yellow 
judgments first), judged the red region of the spectrum 
first, the blue region second (Order I); the other half 
of the subjects judged the blue region first, the red 
region second (Order II).
Half of the subjects from Order II in the first 
session (making purple judgments first), judged the red 
region of the spectrum first and the blue region second 
(Order III) ; half of the subjects judged the blue region 
first, the red region second (Order IV).
Each subject’s responses were recorded by 
marking the chosen color, i.e., R or B, opposite the 
randomly presented intermediate color. A record sheet 
with random presentations for each subject was prepared 
beforehand.
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CHAPTER III 
RESULTS
The primary data from this study are the percent­
ages of times each intermediate color chip was chosen as 
appearing more like the red color chip (Session I), or 
more like the purple color chip (Session II). The raw 
data for Session I giving the relative frequency of 
"more like red" judgments for each subject for the green- 
yellow region and the purple region of the spectrum are 
given in Appendix "B" and "C" respectively. Raw data 
from Session II giving the relative frequency of "more 
like purple" judgments for each subject for the red and 
blue regions of the spectrum, appear in Appendix "D" and 
"E" respectively.
The points of subjective equality (P.S.E.’s) for 
the green-yellow, purple, red and blue regions of the 
spectrum were calculated for each subject on the basis of 
his frequency judgments. The P.S.E.'s were the points 
at which the S judged the intermediate stimulus to be 
more like the red (Session I), or the purple (Session II)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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color chip 50 per cent of the time. This was equivalent 
to determining the point at which S judged the intermedi­
ate stimulus similar to both standards. This point was 
determined by the following procedure. The per cent of 
"more like red" or "more like purple" responses for each 
subject in each of the regions of the spectrum was tabu­
lated and then converted to standard, or z-scores by 
using a table given in Woodworth and Schlosberg (1954,
p . 206).
The P.S.E.’s were determined graphically by 
plotting z-scores against Munsell hues of constant value 
and chroma, and reading off the 50 per cent point which 
corresponds to a z-score of zero. Figure 1 gives an 
illustration of the graphical computation of the P.S.E. for 
one subject in Session I, the judgments being in the green- 
yellow region of the spectrum. In this case, the per 
cent of "more like red" responses have been transformed 
to z-scores. For example, S judged Munsell color chip 
5GY "more like red" eight times out of the twenty that it 
was presented. Thus, the per cent "more like red" 
responses is .40 and the corresponding transformation
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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to a z-score is .25. The "more like red" judgments tor 
the other hues v/ere similarly treated. In this example, 
although seven intermediate hues were presented, only 
five points are plotted. There were two scores, 100 per 
cent and 0 per cent, which represent a z-score of infinity 
and cannot be used in standard computations. For this 
reason, these values were not plotted.
A straight line was fitted by free hand to the 
plotted points. Another straight line was extended at a right 
angle from the ordinate where the z-score is zero, i.e.,
50 per cent "more like red" responses, to intersect the 
line through the plotted points. From the intersection, 
the P.S.E, was found by extending a straight line at right 
angles to the abscissa. This point on the abscissa (in 
the example 4.8GY) designated the position at which the 
Munsell chip of a certain hue was judged "more like red"
50 per cent of the time.
The individual P.S.E. points from Session I as 
determined graphically by the method described above, are 
given in Table 1. Estimates of the j.n.d. (just notice­
able difference) at the half point were obtained for each
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subject by reading off the semi~interquartile range 
from the z-score plots (-.67). The individual j.n.d.'s 
are also presented in Table 1.
TABLE 1
Mid-point Hues (P.S.E.’s) and j.n.d.’s 
(probable errors) for each S 
between the Red and Blue Hues
Order Subject Green-Yellow Purple
GA 6.2 f 2.0 5.0 - 2.0
JM 4.8 - 1.7 4.2 I' 2.0
BB 5.6 1' 3.3 5.1 t 2.1
CV 2.8 1' 2.2 4.7 1' 1.7
JV 5.1 t 2.8 2.9 t 2.5
CA 6.1 : 2.2 7.3 1 2.3
BT 2.8 ‘ 2.5 6.5 t 4.3
GR 5.3 •ir 2.7 5.0 1 2.5
BY,’ 5.0 I 2.9 4.1 : 1.5
TJj 5.0 ■ 1,3 7.2 1' 2.2
BS 5.1 3.i 4.2 1' 2.4
JP 4.2 t 2.i 7.0 i 2.0
JS 3.0 . 4.0 3.7 : 2.9
LC 5.2 1 3.7 4.9 i 2.0
IuG 5.0 :: 1.3 6.3 1 1.7
MR 5.4 s 2.7 4.5 ± 5.2
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Table 2 presents the mean P.S.E,'s for Session I 
for each region of the spectrum and for each order of 
presentation. The P.S.E.'s were averaged over both
orders since there was only a slight difference in 
the judged mid“points for the two orders.
TABLE 2
Mean P.S.E.’s and j.n.d.’s between the 
Red and Blue Hues
Order I Order II Average
Green "yellow 4.8GY ± 2.4 4.7GY j,3.1 4.75GY 12.75
Purple 5.IP 1 2.4 5.2P + 2.6 5.15P +2.5
Tables 3 and 4 respectively present similar
data from Session II, i.e., the individual judged 
P.S.E.’s with their j.n.d.'s and the average judged 
mid-points for each order and across all orders.
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TABL]
Mid-point Hues (P.S.E0's) and j.n.d.’s 
(probable errors) ior each S 
between the Green-Yellow and 
Purple Hues
Order Subject Red Blue
GA 0. 5YR
CO• 2.3B -■*3.2
JM 0.6 YE - 2.7 0.6B -2.2
I BB 10R V 3.3 2 .63 i‘4.3
CV 2. 2YR - 2.9 1.9B 12 .7
JV 2 . 5YR f 7.4 0.5B +6.0
IT CA 9 . 5 YE, J. 2.8 10BG ^5.3
BT 10R 5.5 10BG 1,3 .7
GR 2 . 6YR 2.9 8 . 6BG i i . 7
BY' 1.7YR
.•*«
2.4 8.8BG -2.4
III TL 0.2YE I- 2.4 9 . 5BG i2 .5
B3 0.5 YE V 3.3 0 . 5B 14 .5
JD 10R ' i ‘ 3.5 9. 6BG ii.7
JS 9.8E t 4.7 n  o n  i  • O  D-J 13 .3
LC 8. OR t 4.3 0.2B 13 .5
MG 8.3R : 4.2 7.9BG ■f- *1 O ~ X . u
MR 9 ,1R 1 4.3 3 . 7B 13.5
({ <•) it fs rx^ r. 9s Ct \J
UNIVERSITY OF WINDSOR LIBRARY
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
26
TABLE 4
Mean P.S.E.'s and j.n.d.'s between the 
Green-Yellow and Purple Hues
Order I Order II Order III Order IV
Red 0.8YR *3.4 10.3R ±4.6 0.6YR t3.8 8.8R +4.3
Average 0.3YR t.4.0
Or d cr I Or d er II Or d e r III Or d er IV
Blue 1.85B *2.8 9.8BG ±4.2 9.6BG ±2.8 9.9BG+3.0 
Average 0.3B 13.2
To check the comp1ementarity relation, the 
Munsell notations were converted to CIE chromaticity 
values by using a table and charts provided by Newhall, 
Nickerson and Judd (1943). The relationship between 
dominant wave length and the trichromatic coefficients 
x, y and z is based on the CIE chromaticity diagram.
In this diagram, pure spectrum colors are represented 
by points along the curve and mixtures of different
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wave lengths are represented by points within the area 
enclosed by the curve. The point C represents illumin­
ation which is approximately equal to average daylight 
in the United States. According to McCarley, Green 
and Horowitz (1944), when Illuminant C is chosen for 
the achromatic or neutral stimulus v/hich mixtures of 
complementary colors should match, straight lines 
passing through this point represent complementary 
colors.
Table 5 shows the Munsell notations converted 
to x and y values as given by Newhall, Nickerson and 
Judd (1943, p. 307 ff.). When the values could not be 
obtained from tables, they were interpolated from 
charts of constant hue and chroma at value 5.
These values were plotted on standard graph 
paper to show the position of the standard colors on 
the CIE chromaticity chart, and the relationship 
between the P.S.E.'s. This plot is shown in Figure 2.
A straight line was drawn joining the judged one-half 
points to show where it intersected the white point 
( Illuminant C ).
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T A B L E  5
CIE Values for Munsell Hues 5R 5/6, 5B 5/6, 
4.75GY 5/6, 5.15P 5/6, 5P 5/6, 5GY 5/6, 0.3YR 
5/6, 0.3B 5/6 and Illuminant C
Munsell Notation
X
CIE Values
y
Session I Standards
5R 5/6 .4078 .3238
5B 5/6 .2215 .2701
P.S.E.
4.75GY 5/6 .36846 .4621
5.15P 5/6 .2935 .2487
Session II Standards
5P 5/6 .2932 .2487
5GY 5/6 .3663 .4614
P.S.E.
. 3 YR .4315 .3508
.3B .2230 .2945
Illuminant C .31012 .31631
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•4 5 —
40 —
•3 5
0 3 Yr
0- 5 R
0-3 B
53
5-1 5 P
• 20 -25 -30 -35 ,4 0 -45
Figure 2. Trichromatic Coefficients of the Judged 
Mid-points in Relation to Illuminant C.
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The 1931 CIE (x,y)-chromaticity diagram wa
transformed to the I960 CIE-UCS diagram as described by
Judd and ffyszecki (1963). In a uniform-scale-chromaticity 
diagram, approximately constant distances exist betv/een 
pairs of points corresponding to chrovnaticities found 
experimentally to differ by perceptually equal amounts.
The transformation v/as carried out by means of an equa~ 
tion developed by MacAdam (1937) where,
~2x •i-12y ;3
Table G gives the u and v values obtained by 
transforming the x and y values for the Munsell notations
straight line v/as drawn joining the points to show the
a no v
4x
-2x1- 12y !3
6y
according to MacAdam’s (1937) equation. Figure 3 shows
the u and v values plotted on standard graph paper. A
relationship between the mid-points. A sample computation
for one of the Munsell values is given in Appendix "F! 1 TP T1
TABLE 6
I960 CIE-UCS Values for Munsell Hues 4.75GY, 5.15P 
0 .3 Yli , 0.3 B a n d 111 urn i n a n t C
Munsell Notatio
u v
0.1S8 
0.21 1 
0.272 
0.146
0.201
0.355 
0.276 
0.331 
0.29 2
0.307
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3 1
vi0‘39
v::0 jO
V:0'20
'A-0-i 0
4-75 GY
0-3YR
5.15 p
j:0.10 u-0.20 Ur0.30
Figure 3. Uniform Chromaticity Coefficients 
of Judged Mid-points and Illuminant C.
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CHAPTER IV 
DISCUSSION
The foregoing results indicate quite clearly 
that judgments can be made bisecting' the dimension of 
hue between two fixed points. The purpose of this 
study was to investigate the ratio properties of the 
Munsell dimension of hue. The Munsell scale of hue was 
designed to be an equal interval scale. The renotation 
by the Optical Society of America in 1943 v/as carried 
out to further refine the scale. Since the technique 
by which the Munsell scales wore renotated called for 
judgment of the ratio which the interval between two 
given colors bore to the interval between two other 
(standard) colors, this would seem to indicate that the 
Munsell equal interval scales should be ratio scales.
Sempowski (1963) and Fleming (1964) have pre­
sented evidence that this may not. be the case, at least 
for the dimension of saturation. Sempowski showed that 
Munsell chroma numbers represent saturation ratios only 
for the low chromas up to chroma 4 or 5. Fleming,
32
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using the highest chromas available, found a difference 
between the judged one-half points as compared with the 
expected numerical one-half points for the red, yellow 
and green.
If Munsell hues at equal chroma and value do 
form a closed, equal interval scale, then two things 
follow. First, the predicted mid-points should agree 
with those found by using any valid bisection method. 
Secondly, any pair of mid-point hues obtained should 
be complementary with respect to Illuminant C for which 
the Munsell scales are defined.
The results of the present experiment indicate 
that the Munsell 100-point hue scale may be a true ratio 
scale. For the hues 5R 5/6 and 5B 5/6 the average 
judged P.S.E.'s were 4.75GY in the green-yellow region 
of the spectrum and 5.15P in the purple region of the 
spectrum. These values are not significantly different 
from the theoretical one-half points, 5GY and 5P. The 
j.n.d.'s, however, indicate that a chance factor may 
have played a great role in the mid-points chosen by 
the individual subjects.
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According to Judd and Wyszecki (1963), the just 
perceptible color difference is about 2.5 Munsell hue 
steps at chroma 1. Although they do not give the just 
perceptible color difference for /6, it would be safe to 
assume that a 0.25 deviation from the theoretical mid­
point is not a significant deviation of a just percep­
tible color difference.
Similarly, the mid-points obtained using the 
judged one-half hues (the closest appi*oximations that 
could be obtained were 5GY and 5P) as standards did not 
deviate significantly from the theoretical mid-points.
The deviations in both regions of the spectrum were 0.3 
hue units.
The results thus indicate that the Munsell 100- 
point hue scale, which is a closed circuit, does seem 
to have the properties of a ratio scale. Between two 
fixed points a mid-point can be obtained that is not 
significantly different from the predicted mid-point.
This was shown to be the case when two different sets 
of fixed points were used for determining the mid-points.
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Besides showing the position of judged mid­
points with reference to theoretical mid-points, the 
results also indicate the relationship between the 
judged mid-points. The original question asked v/as 
what the relationship would be betv/een the two mid­
points. There are two mid-points for any pair of hues, 
and it v/as predicted that any pair of mid-point hues 
obtained should be complementary with respect to 
Illuminant C for which the Munsell scales are calibrated. 
These mid-points were transformed into the CIE chroma* 
ticity diagram by plotting the x and y coordinates.
The CIE chromaticity diagram is a chart adopted 
by the Optical Society of America (OSA) which specifies 
the dominant wave length and purity of any color. It is 
a plot according to trichromatic coefficients in which 
the position of a point indicates the chromaticity of a 
color. The trichromatic coefficients are the amount of 
the three primary colors expressed as fractions of their 
total. Colors having chromaticities represented within 
the triangle formed by the point representing the 
achromatic stimulus and the extremeties of the spectrum
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locus have no dominant wave length and are called non­
spectral colors. Colors having chromaticities repre­
sented within the remainder of the domain of real 
colors are spectral colors.
Figure 2 shows a plotted relationship between 
the mid-points. When the mid-points are joined by a 
straight line, this line passes very closely to 
Illuminant C, the point through which a straight line 
joining the tv/o colors should pass if they are comple­
mentary. A possible explanation for the slight deviation 
of the straight line is that the Illuminant C under 
which judgments were made in the present study did not 
match exactly Illuminant C as defined by the CIE. A closer 
check would have to be made to ensure that both Illuminant 
C's were the same. Nevertheless the deviation is very 
small, and the line joining the mid-points seems to 
indicate that the judged mid-points are complementary 
colors.
It is recognized that the CIE diagram is not a 
uniform chromaticity chart, in that equal distances on 
the chart do not imply equal differences in color. So
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the CIE chart is not an equal chromaticity chart, in 
that equal differences are not represented by equal dis­
tances on the chart. The colorimetry committee has 
recommended a standard uniform-chromaticity-scale 
diagram as developed by MacAdam (1937). When our values 
are plotted in this form the results are shown in 
Figure 3. The complementarity relations and bisections 
show up better in that the lines are at right angles. 
However, it is evident that even this transformation 
does not give equal chromaticity, since the colors do 
not plot on a circle.
One possible source of error in the present study 
can be attributed to the fact that the Munsell color 
chips could only be obtained in 2.5 hue steps. These 
steps were large and many times only three intermediate 
stimuli gave frequency data suitable for fitting the 
probit line (zero and 100 per cent are as pointed out 
above unusable). This data loss probably introduced 
some error in estimating the one-half points. In this 
study we have used the nominal or "book" values for the 
Munsell chips. It is almost certain spectrophotometric
UNIVERSITY OF WINDSOR LIBRARY
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measurement would show that the true Munsell values 
differ slightly from this . (approximately 0.2 chroma 
units, the tolerances of the Munsell production). 
Consequently, our obtained mid-points based on the 
nominal values are probably somewhat in error . Also 
there is the possibility that because of ageing, some 
of the chips may have lost their true chroma and bright­
ness values, and may not correspond to the correct 
Munsell notations as measured by the OSA.
Some suggestions for further study are evident 
from the present study. Better control of Illuminant C 
so that it approximates as closely as possible that 
defined by the CIE would enable the subjects to make 
their judgments under conditions for which the color 
chips were; calibrated.
Smaller hue steps and at higher chroma values 
would yield more consistent and reliable results than 
those obtained in the present study. The bisection 
method could be extended to all the hues on the 100- 
point hue scale. A comparison could also be made 
between bisections at different value and chroma scales.
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And finally, accurate trichromatic coefficients of the 
Munsell chips should be obtained by physical colorimetry. 
This would eliminate the error necessarily present when, 
as in this case, the nominal or "book" values and their 
graphical translation to CIE coordinates are used.
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CHAPTER V 
SUMMARY AND CONCLUSIONS
The purpose of this study v/as to investigate the 
ratio properties of the Munsell 100-point hue scale. 
Sernpov/ski (1963) and Fleming (1964) have presented 
evidence that at least for saturation, equal-interval 
sense~distances do not constitute a ratio scale.
Surface colors from the Munsell JBook .of Color 
provided the standard and intermediate stimuli for 
determining the mid-point between two fixed points.
Each of the hues were matched for saturation (Chroma 6) 
and equated for brightness (Value 5) . Three Munsell 
grey chips of the same value were used during the pre- 
e x p o s u r e p e r i o d .
Sixteen subjects who were tested previously for 
normal visual acuity and color vision, participated in 
two sessions, approximately a week apart.
Each of the; variable stimuli was presented 
together with the standard stimuli for a two second 
duration. In the first Session, each subject was asked
rn
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to report whether the variable stimulus looked more like 
the red or the blue. In the second Session, each subject 
was asked to report whether it looked more like the 
purple or the green-yellow.
On the basis of these judgments, P.S.E.'s and 
j.n.d.’s were determined for each of the regions of the 
spectrum by using z-score conversion tables supplied by 
Woodworth and Schlosberg (1954), and reading off the mid­
point from the graph. The basic technique used was that 
of the bisection of a hue interval between two fixed 
points, using an indirect psychophysical method to deter­
mine the mid-point of an interval.
The results show that the equal-interval hue 
scale is a ratio scale, since the perceived mid-points 
correspond to the predicted mid-points. Furthermore, 
the mid-points are complementary as shown by a CIE plot.
A plot according to the I960 CIE-UCS standard diagram 
shows a better complementarity relationship, but this 
transformation does not result in equal chromaticity.
Certain further suggestions for experimentation 
were indicated. The inclusion of smaller hue steps, the
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use of an exact Illuminant C as recommended by the CIE, 
and the use of chips of Munsell notation as renotated 
by Newhall, Nickerson and Judd (1943), would reduce 
the error factor and result in less variation in the 
data .
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APPENDIX "A"
Munsell Notations of Standard and Intermediate Color
Stimuli
Session I
Rod (Left)
Standard
Green-Yellow Region
Blue (Right) 
Intermediate Stimuli Standard
5R 5/6 7.5Y 5/6 10Y 5/6 2.5GY 5/6 5GY 5/6 7.5GY 5/6 5B 5/6
1CGY 5/6 2.5G 5/6
P ur p 1 e R e g' i o n
511 5/6 2.5RP 5/6 10P 5/6 7. 5P 5/8 5P 5/6 2.5P 5/6 5B 5/6
10PB 5/S 7.5PB 5/6
Session II
Purple (Left) Green-yellow
Standard (Right) Standard
Red Region
i / C 5/6 5R 5/6 7.5R 5/6 10R 5/S o/o .5GY 5/£
5 / C >/G
Blue Region
i p i / 6 5/6 5B 5/6 2.5B 5/6 3.0BG 5/6 7. 5BG 5/C d/C
>BG 5/6 2.5BG 5/6
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APPENDIX "B"
Relative Frequency of Judgments Similar to 5R 5/6 for
the Green-Yellow Region of the Spectrum (Session I)
Inter me d iate Stimuli
subject 2. 5G 10GY 7 . 5GY 5GY 2. 5GY 10Y 7.5’
GA' 0 15 25 70 95 100 100
JM 0 5 10 40 90 90 100
BB 5 10 55 60 90 85 90
CV 0 0 10 20 50 100 100
JY 0 0 30 55 70 100 100
CA 0 5 30 75 90 100 100
BT 0 5 5 2,0 60 85 80
GR 10 5 20 65 80 80 90
BY/ 0 10 45 55 90 95 95
TL 0 0 10 50 90 100 100
BS 0 0 20 60 80 100 100
JP 0 0 10 3 5 95 100 100
JS 0 0 15 40 65 75 7 0
LC 0 25 20 3 5 80 90 90
MG 0 0 10 50 90 100 100
MR 0 0 20 70 70 100 100
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APPENDIX "C"
Relative Frequency of Judgments Similar to 5R 5/6 for
the Purple Region of the Spectrum (Session I )
I n t e r m e d i a t e S t i m u 1 i 
Order Subject 7.5PB 10PB 2.5P 5P 7.5P 10P 2.5RP
GA 0 5 35 40 90 100 100
JivI 0 15 15 70 95 100 100
BB 0 15 25 30 85 100 100
CV 0 5 20 55 85 100 100
JV 0 15 55 80 100 100 100
CA 0 0 10 15 55 100 100
BT 20 25 35 20 75 80 65
GR 5 5 3 5 50 85 95 100
BW 0 0 20 60 100 100 100
TL 0 0 10 20 100 100 100
B8 0 20 25 40 100 100 100
JP 0 0 5 35 80 80 100
JS 5 15 45 7 0 100 100 100
LC 5 10 10 20 100 100 100
liG 0 0 0 2,0 8 5 85 100
m 0 0 30 60 70 70 100
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APPENDIX "D"
Relative Frequency of Judgments Similar to 5P 5/6
for the Red Region of the Spectrum (Session I I )
Intermed iate Stimuli
Subj ect 7. SYR 5YR ;i . 5YR 10R 7 . 5R 5R 2.5R
GA 0 20 25 70 65 85 100
JM 5 25 20 40 65 7 5 100
BB 30 45 65 45 55 65 65
CV 20 20 30 65 95 90 95
JV 25 30 60 60 80 100 90
CA 10 10 10 25 75 90 90
BT 2 5 55 10 50 40 55 90
GR 10 0 50 SO 100 95 100
BW 10 25 0 55 85 100 100
TL 0 15 20 65 85 95 100
BS 30 30 40 SO 40 80 100
JP 25 20 10 40 55 80 100
J o 10 20 45 55 80 60 90
LC 10 20 30 50 40 80 70
MG 10 20 25 60 55 85 100
MR 25 25 35 30 55 65 8 5
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APPENDI X "E"
Relative Freque ncy of Judgm ents Similar to 5P 5/6
for the Blue Region of the Spectrumi (Ses si on II)
Intermed fate Stimuli
Order Subject 2.5BG 5BG 7 .5 EG 10BG 2.5B 5B 7 ,5B
GA 0 20 25 35 40 55 80
I
JM 0 25 10 50 50 7 5 90
BB 0 25 30 30 40 80 75
CV 5 5 20 25 75 80 85
JV 40 30 25 45 50 80 70
II
CA 15 20 30 60 75 55 80
BT 20 0 20 60 100 80 100
GR 0 10 40 60 90 100 100
B W 10 0 15 80 100 100 100
III TL 0
15 20 60 75 100 100
BS 0 25 40 40 50 70 80
JP 0 0 10 70 90 100 100
IV\T
JS 10 15 15 80 90 100 100
LC 0 10 30 50 60 80 90
MG 0 10 60 90 SO 100 100
MR 15 5 10 25 40 55 70
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APPENDIX "F"
Example of the Conversion of the 1931 CIE (x,y)~ 
Chromaticity Diagram to the 1960 CIE_UCS Diagram as 
developed by MacAdam; the x and y coordinates used 
are those from 4.75GY, where xe 0.36846 and yz 0.4621.
-2x 12y i 3
 4(o.36846) ____
-2 ( 0*73 6 8 4 6) ;'l2() .4621),. 3
r 1 .47384 
7 .80328
r 0.188
v= __ _6y___
~ 2x -i "] 2y 7 3
r 6(0.4 623.),
7 . s o s i r
r 0.355
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